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571 ABSTRACT

An optical head for writing and/or reading information
on and/or from an optical record medium such as a
magneto-optical record medium including a semicon-
ductor substrate, a semiconductor laser mounted on a
surface of the semiconductor substrate for emitting a
laser beam, an objective lens for projecting the laser
beam onto the optical record medium as a fine spot, a
plurality of photodetectors firmed in the surface of the
semiconductor substrate, and an optical block arranged
on said semiconductor substrate to form an integral unit
together with said semiconductor substrate. The optical
block includes a hologram for diffracting a return beam
reflected by said magneto-optical record medium and a
polarization beam splitting plane arranged in substan-
tially parallel with an optical axis of a zero order beam
emanating from the hologram for splitting a pupil of the
hologram. The return beams diffracted by the hologram
and split by the polarization beam splitting plane are
separately received by the plurality of photodetectors. .
By processing outputs of the photodetectors, informa-
tion signal, focusing error signal and tracking error
signal can be derived in a reliable and stable manner,
while the optical head can be simple in construction,
small in size and cheap in cost.

9 Claims, 32 Drawing Sheets
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1

OPTICAL HEAD WITH SEMICONDUCTOR
LASER

BACKGROUND OF THE INVENTION

1. Field of the Invention |

The present invention relates to an optical head for
writing and/or reading information on and/or from an
optical record medium comprising a semiconductor
laser for emitting a laser beam, a light converging means
for converging said laser beam and projecting the thus
converged laser beam onto the optical record medium,
and a photodetecting means for receiving the laser
~beam reflected from the optical record medium by
means' of said light converging means.

2. Related Art Statement

The optical head of the type mentioned above has
been widely used for writing and/or reading informa-

3
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15

tion on and/or from an optical record medium such as

optical disk and optical card.

In Japanese Patent Application Laid-open Publica-
tion Kokai Sho 63-32743, there is disclosed a known

optical head having a semiconductor laser. As shown in
- FIG. 1, the optical head includes a semiconductor laser
1 for emitting a diverging laser beam and a lens 2 for
converging the laser beam. The laser beam is then trans-
mitted through a hologram 3 and then is converted into
a parallel laser beam by means of a collimator lens 4.
The parallel laser beam is then made incident upon an
objective lens 5 and is projected onto an optical record
medium 6 such as a2 magneto-optical disk as a very fine
spot.

The laser beam reflected by the magneto-optical disk
6 is made incident upon the hologram 3 by means of the
objective lens 5 and collimator lens 4. Then there are
produced plus and minus first order (+1-order) dif-
fracted laser beams having astigmatism contained
therein. These = 1-order diffracted laser beams are then
made incident upon photodetectors 9 and 10 by means
of a polarizing lens 7. The photodetectors 9 and 10 are
formed on a substrate 8 and each of them has four di-
vided light receiving regions. An information signal
may be obtained from a difference between output sig-
nals of the photodetectors 9 and 10 and at the same time
a focusing error signal can be obtained by the well-
known astigmatism method.
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FIGS. 2 and 3 illustrate another known optical head

including a semiconductor laser. A laser beam emitted
by a semiconductor laser 1 is converted into a parallel
laser beam by means of a collimator lens 4 and then is
made incident upon an objective lens 5 via a polarizing
beam splitter 11. It should be noted that the incident
laser beam is of P-polarized beams, so that it is transmit-
ted through the polarizing beam splitter.

The laser beam is then made incident upon a magne-
to-optical disk 6 by means of an objective lens 5. The
laser beam reflected by the magneto-optical disk 6 is
made incident upon the polarizing beam splitter 11 by
means of the objective lens 5 and is reflected thereby. A
polarizing direction of the laser beam reflected by the
polarizing beam splitter 11 is rotated by 45 degrees by
means of a half-wavelength plate 16 and is then made

50
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incident upon a trapezoidal prism 13 by means of a lens

- 12, said prism having a function for dividing polarized
light. The prism 13 has a polarization beam splitting
plane 132 which transmits P-polarized component but
reflects S-polarized component. The P-polarized com-
ponent transmitted through the polarization beam split-
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ting plane 13z is made incident upon a photodetector
15a having three divided light receiving regions and the
S-polarized component reflected by the polarization
beam splitting plane 13a is made incident upon a photo-
detector 156 also having three light receiving regions.
The photodetectors 15z and 1556 are formed on a com-
mon substrate 14. An information signal can be repro-
duced by a difference between output signals from the
photodetectors 152 and 156 and the focusmg ErTor sig-
nal can be obtained by the known beam size method.

In this known optical head, the P-polarized laser
beam emitted from the semiconductor laser 1 is made
incident upon the polarizing beam splitter 11, and thus
information about the Kerr rotation contained in the
laser beam reflected by the magneto-optical disk 6 is
borne by the S-polarized laser beam. Therefore, in

~order to obtain the information signal having large am-

phtude and high C/N, it is advantageous to introduce in
an efficient manner the S-polarized component into the
photodetectors 15z and 155b. Therefore, it is desired to
make the reflectance of the polarizing beam splitter 11
for the S-polarized light 100%. To this end, in this
known optical pick-up head, transmittance T and reflec-
tance R of the polarizing beam splitter 11 for the P- and
S-polarized components are set to, for instance Tp 80%:
Ts 0%: Rp 20%: Rs 100%.

In Japanese Patent Application Laid-open Publica- -
tion Kokai Hei 5-307759 published on Nov. 19, 1993,
there is disclosed an optical pick-up head as shown in
FIGS. 4 to 7. The optical pick-up head comprises a
block like unit 16 of semiconductor laser, photodetec-
tors and holograms and a laser beam emitted by the unit
16 is made incident upon an optical record medium 19
by means of a stop 17 and an objective lens 18. The laser
beam reflected by the record medium 19 is then made
incident upon the unit 16 by means of the objective lens
18 and stop 17.

As shown in FIG. 5, the unit 16 compnses a substrate
20 on which a semiconductor substrate 21 is provided,
and a hologram element 22 is arranged on the substrate
20 via a spacer 23. On the semiconductor substrate 21
there is provided a semiconductor laser 24, and as best
shown in FIG. 6 in a surface of the semiconductor
substrate there are formed photodetectors 25, 26 and 27
and 28, 29 and 30 on both sides of the semiconductor
laser 24 viewed in a tracking direction x, each of said

- two sets of photodetectors being aligned in a track di-

rection y. The middle photodetectors 26 and 29 have
three light receiving regions 26a, 265 and 26¢ and 29a,
29b and 29c¢ which are divided along lines extending in
the direction x. As illustrated in FIG. 7, in the front
surface of the semiconductor substrate 21, there is
formed a recess 21a with an inclined side wall 215 by
etching, and the semiconductor laser 24 is placed on the |
bottom of the recess 21a. The inclined side wall 215 is

polished as a mirror surface, so that a laser beam emitted
from the semiconductor laser 24 in a direction parallel
with the surface of the semiconductor substrate 21 is
reflected by the inclined side wall 215 into a direction

‘which is normal to the surface of the semiconductor

substrate 21.

As depicted in FIG. 5, the hologram element 22 com-
prises on its one surface gratings 22a for dividing the
laser beam emitted by the semiconductor laser 24 into
three laser beams, i.e. 0-order beam (main beam), 4 1-
order beam and — 1-order beam (sub-beams). The holo-
gram element 22 further comprises on its other surface
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a hologram pattern 22b for diffracting an incident beam
and giving the 4 l-order and —1-order laser beams
oppostte focal powers.

The laser beam emitted by the semiconductor laser 24
1s reflected by the inclined side wall 215 and is then
divided by the gratings 22 into the single main beam
and two sub-beams, these three beams being made inci-
~ dent upon the optical record medium 19 by means of the
stop 17 and objective lens 18. The three laser beams
reflected by the record medium 19 are made incident
upon the hologram pattern 226 by means of the objec-
tive lens 18 and stop 17 and are diffracted thereby.
+l-order beams of the main beam are received by the
middle photodetectors 26 and 29, respectively, +1-
order beams of one of the two sub-beams are received
by the photodetectors 25 and 28, respectively and *+1-
order beams of the other sub-beam are received by the
photodetectors 27 and 30, respectively. The focusing
error signal 1s derived from outputs of the photodetec-
tors 26 and 29 in accordance with the beam size method,
and the tracking error signal is obtained by output sig-
nals from the photodetectors 25, 27, 28 and 30 on the
basts of the three beam method.

In the known optical head shown in FIG. 1, the laser
beam reflected by the magneto-optical record disk 6 is
made incident upon the photodetectors 9 and 10 after
being diffracted by the hologram 3. The hologram 3 is
of a thin type in which a depth of the recesses is smaller
than a wavelength, and thus the diffraction efficiency
for the =+1-order diffracted beams (an amount of *1-
order diffracted light/an amount of incident light) is not
dependent upon the polarizing condition, so that a po-
larized component containing information about the
Kerr rotation could not be completely introduced onto
the photodetectors 9 and 10. Therefore, the magneto-

S
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optical information signal has a small amplitude, and

thus C/N of the signal becomes decreased.

In order to mitigate the above mentioned drawback,
it 1s considered that the diffraction coefficient for the
*1-order diffracted beams of the hologram 3 is in-
creased, but then the diffraction coefficient for the O-
order beam (an amount of the O-order light/an amount
of incident light) would be deceased and a necessary
laser power for writing information might become high
and a problem of heat generation and so on might oc-
cur.

45

In the known optical head illustrated in FIGS. 2 and

3, the laser beam reflected by the magneto-optical re-
cord medium 6 is made incident upon the photodetec-
tors 15z and 156 by means of the polarizing beam split-
ter 11, and therefore the polarized component bearing
the information about the Kerr rotation could be effec-
tively received by the photodetectors. However, the
optical path is bent at right angles by the polarizing
beam splitter 11, and thus a size of the optical head is
liable to be large. Further, the semiconductor laser 1
and the photodetectors 15a, 156 are formed separately
form each other, they are liable to be deviated from
each other due to temperature variation and secular
variation, and thus a reliability of the optical head 1is
low.

In the optical pick-up head shown in FIGS. 4 to 7, the
semiconductor laser 24, photodetectors 25-30 and holo-

50
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gram element 22 are all integrated into the single unit

16, and thus the optical head can be made small in size
and the reliability can be improved. However, there is
not disclosed a concrete construction for deriving the
magneto-optical imformation signal.

65
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Therefore, a primary object of the present invention
is to provide a novel optical head for mitigating the
above mentioned drawbacks of the known optical head,
in which the head can be made small in size, a high

reliability can be attained, the decrease in C/N can be
suppressed and the magneto-optical information can be
read out stably.

According to one aspect of the present invention, an
optical head comprises:

a semiconductor substrate having a surface;

a semiconductor laser arranged on said surface of the
semiconductor substrate for emitting a laser beam;

a light recetving means including a plurality of photo-
detectors formed in said surface of the semiconductor
substrate;

a collimator lens for converting said laser beam emit-
ted by said semiconductor laser into a substantlally
parallel laser beam;

an objective lens for converging said substantially
parallel laser beam onto a magneto-optical record me-
dium;

a beam dividing means arranged between said colli-
mator lens and said objective lens for dividing a laser
beam reflected by said magneto-optical record medium
into first and second return beams; and

a polarization beam splitting means arranged between
said semiconductor laser and said collimator lens such
that an integral unit is formed together with said semi-
conductor substrate, and including gratings for diving
the laser beam emitted by said semiconductor laser into
a main beam which is used to write or read information
on or from said magneto-optical record medium and
sub-beams which are used to derive a tracking error
signal, a first hologram pattern for diffracting said first
return beam, a second hologram pattern for diffracting
said second return beam, and a polarization beam split-

ting plane arranged substantially in parallel with an

optical axis of a zero order beam emanating from said
second hologram pattern for splitting -+ 1-order and/or
— l-order diffracted beam emanating from said second
hologram pattern in accordance with a polarizing direc-
tion of the beam; whereby + 1-order and — l-order

diffracted beams emanating from said first hologram

pattern and beams emanating from said polarization
beam splitting plane are separately received by said
plurality of photodetectors of said light receiving
means.

According to another aspect of the invention, an
optical head comprises:

‘a semiconductor substrate having a surface;

a semiconductor laser arranged on said surface of the
semiconductor substrate for emitting a laser beam;

a hght receiving means including a plurality of photo-
detectors formed in said surface of the semiconductor
substrate;

a collimator lens for converting said laser beam emit-
ted by said semiconductor laser into a substantially
parallel laser beam; -

an objective lens for converging said substantially
parallel laser beam emanating from said collimator lens
onto a magneto-optical record medium:;

a beam dividing means arranged between said colli-
mator lens and said objective lens for dividing a laser
beam reflected by said magneto-optical record medium
into first and second return beams; and

a polarization beam splitting means arranged between
said semiconductor laser and said collimator lens such
that an integral unit is formed together with said semi-
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conductor substrate, and including a first hologram
pattern for diffracting said first return beam, a second
hologram pattern for diffracting said second return
beam, a third hologram pattern for diffracting a zero
order beam emanating from said first hologram pattern,
and a polarization beam splitting plane arranged sub-
stantially in parallel with an optical axis of a zero order
beam emanating from said second hologram pattern for
splitting + 1-order and/or — l-order diffracted beams
emanating from said second hologram pattern in accor-
dance with a polarizing direction of the beam; whereby
I-order and — 1-order diffracted beams emanating from
said first hologram pattern, beams emanating from said
polarization beam splitting plane and -+ 1-order and/or
— l-order diffracted beam emanating from said third
hologram pattern are separately received by said plural-
ity of photodetectors of said light receiving means.

According to another aspect of the invention, an
optical head comprises:

a semiconductor substrate having a surface;

a semiconductor laser arranged on said surface of the
semiconductor substrate for emitting a laser beam;

a light receiving means including a plurality of photo-
detectors formed in said surface of the semiconductor
~ substrate;

an objective lens converging the laser beam emitted
by said semiconductor laser onto a magneto-optical
record medimum:; and

an optical block arranged to form an integral unit
together with said semiconductor substrate and includ-
ing a hologram for diffracting a return beam reflected
by said magneto-optical record medium and a polariza-
tion beam splitting plane arranged in substantially paral-
lel with an optical axis of a zero order beam emanating
from said hologram for splitting a pupil of said holo-
gram; wherein return beams diffracted by said holo-
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the -+ 1-oder beam of the main beam has three light
receiving regions 32d, 32¢ and 32f which are divided in
the same direction as the diffracting direction of the
hologram pattern 38a. Similarly, the photodetector 33
comprises three light receiving elements 33a, 336 and
33c for receiving the three — 1-order beams, and the
middle light receiving element 33b for receiving the
— 1-oder beam of the main beam has three light receiv-
ing regions 33d, 33e¢ and 33f which are divided in the
diffracting direction of the hologram pattern 38a.
Then, the focusing error signal can be derived from
output signals of the light receiving regions 324, 32¢ and
32f of the light receiving element 3254 for receiving the
-+ 1-order beams of the main beam and output signals of
the light receiving regions 33d, 33¢ and 33f of the light
receiving element 3356 for receiving the — l-order
beams of the main beam on the basis of the beams size
method. Further the tracking error signal is derived
from output signals from the light receiving elements
32a and 32c for receiving the -+ 1-order beams of the
two sub-beams and output signals from the light receiv-
ing elements 33¢ and 33c¢ for receiving the — l-order
beams of the two sub-beams in accordance with the
three beam method. In FIGS. 8 and 9, a direction in
which information tracks extend is denoted by x and a
tracking direction perpendicular to the direction x is

- represented by y.

30

35

gram and split by said polarization beam splitting plane

are separately received by said plurality of photodetec-
tors of said light receiving means.

In Japanese Patent Application Laid-open Publica-
tion Kokai Hei 4-248134 published on Sep. 3, 1992,
there is disclosed another known optical head. As
shown in FIGS. 8 and 9, this known optical head com-
prises a semiconductor substrate 31 in which first and
second photodetectors 32 and 33 are formed. On the
semiconductor substrate 31 there are arranged semicon-
ductor laser 35 and reflection mirror 36. A laser beam
emitted by the semiconductor laser 35 is reflected by
the mirror 36 upwardly toward an optical record me-
dium 40 by means of hologram element 38 and objective
lens 39. |

The hologram clement 38 has formed thereon a holo-
gram pattern 38z on a surface facing the objective lens
- 39 and gratings 38¢ on a surface facing the substrate 31.

‘The gratings 38¢ serve to divide the laser beam emitted
by the semiconductor laser 35 into a main beam and two
sub-beams, these three beams being made incident upon
the optical record medium 40 by means of the objective

~lens 39. The three laser beam reflected by the optical

record medium 40 are made incident upon the hologram
element 38 by means of the objective lens 39. Each of
these beams is divided into Z1-order beams having
opposite refraction powers. 1-order beams are received
by the first photodetector 32 and — 1-order beams are
- received by the second photodetector 33. The photode-
tector 32 comprises three light receiving elements 32q,
325 and 32c¢ for receiving the three - 1-order beams,

‘This known optical head can be constructed from a
smaller number of parts, and further the semiconductor
laser 3§ and photodetectors 32 and 33 are provided on
the same semiconductor substrate 31, so that the optical
head can be made small in size. Moreover, even if the
diffraction angles by the hologram pattern 38a for the
== l-order diffracted beams are changed due to the vari-
ation in the wavelength of the laser beam emitted from
the semiconductor laser 35, the images on the photode-
tectors 32 and 33 move in the direction which is parallel
with the dividing lines of the photodetectors, and there-
fore the focusing error signal is hardly affected by the
fluctuation of the wavelength. Furthermore, even if the
spots on the photodetectors 32 and 33 are shifted due to

- errors in machining various parts and in assembling, the

45
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and the middle light receiving element 32 for receiving '

-+ 1-order beams and — 1-order beams are shified in the
same manner, and thus it 1s possible to cancel out off-
sets of the focusing error signal from the -+ 1-order
beams and of the focusing error signal from the —1-
order beams. In this manner, the signal detection can be
performed stably and adjustment of various parts dur-
ing the assembling can be simplified.

This known optical head could be applied to the
compact disk device and once-write type disk device,
but could not be utilized for the magneto-optical disk
device, because the optical head does not comprise the
polarizing splitting means.

In Japanese Patent Application Laid-open Publica-
tion Kokai Hei 5-120755 published on May 18, 1993,
there is disclosed another optical head which could be
used for the magneto-optical disk. As depicted in FIGS.
10 and 11, this optical head comprises a semiconductor
substrate 31 in which first, second and third photodetec-
tors 32, 33 and 34 are formed. On the semiconductor
substrate 31 there are arranged semiconductor laser 35,
reflection mirror 36 and polarizing beam splitter 37. A
laser beam emitted by the semiconductor laser 35 is
reflected by the mirror 36 upwardly toward an optical

- record medium 40 by means of hologram element 38

and objective lens 39. It should be noted that the optical
record medium 40 is formed by the magneto-optical
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disk. On one surface of the hologram element 38 there
are formed hologram patterns 38a and 385 and on the
other surface there are formed gratings 38c. The func-
tion of the hologram element 38 is substantially same as
that of the known optical head illustrated in FIGS. 8

and 9. Further the construction of the first and second

photodetectors 32 and 33 are similar to that of the opti-
cal head shown in FIGS. 8 and 9 and receive the three

l1-order beams and three — 1-order beams, respectively.
The third photodetector 34 comprises two light re-
cetving regions 34a and 34b which are inclined by 45
degrees with respect to the directions x and y. On the
third photodetector 34, there is arranged the polarizing
beam splitter 37 such that a polarization beam splitting
plane 37a of multiple coatings of dielectric films is in-
clined by 45 degrees with respect to the direction y.
The focusing error signal can be obtained from out-
put signals of the light receiving regions 32d, 32¢ and
32f of the light receiving element 326 for receiving the

10

15

-+ 1-order beams of the main beam and output signals of 20

the light receiving regions 33d, 33e and 33/ of the light
receiving element 335 for receiving the —1-order
beams of the main beam on the basis of the beams size

method, and the tracking error signal can be derived -

from output signals from the light receiving elements
32a and 32¢ for receiving the + 1-order beams of the
two sub-beams and output signals from the light receiv-
ing elements 33z and 33c¢ for receiving the — 1-order
beams of the two sub-beams in accordance with the
three beam method. P-polarized component of the + 1-
order beam of the main beam which is transmitted
through the plane 37a of the polarizing beam splitter 37
is received by the light receiving region 34a and S-pola-
rized component reflected by the plane 37a is received
by the light receiving region 345. Now it is assumed that
output signals from these light receiving regions 34a
and 34b are denoted by Ia and Ib, respectively. Then,
the magneto-optical information signal S is obtained as
a difference between these signals, i.e. S=Ia—1Ib.

In this optical head, since the polarizing beam splitter
37 1s provided, it is possible to apply to the magneto-op-
tical disk. However, an operation of mounting the small
polarizing beam splitter having a complicated shape on
the photodetector 34 is very cumbersome and requires a
human skill and a long time, which apparently increases
a cost of the optical head.

It 1s another object of the invention to provide a
novel and useful optical head which can be effectively
applied to the magneto-optical disk and can be easily
assembled without difficult adjustment in a less expen-
sive manner. |

25
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According to further aspect of the invention, an opti-

cal head comprises:
a semiconductor laser for emitting a laser beam;
a converging means for converging said laser beam

emitted by the semiconductor laser onto 2 magneto-op-

tical record medium;

a light receiving means for receiving a return beam
reflected by said magneto—c)ptlcal record medium and
converged by said converging means;

a diffracting means arranged between said semicon-
~ ductor laser and said converging means for diffracting
said return beam reflected by said magneto-optical re-
cord medium; and

a polanzatlon beam splitting means having a polarlza-
tion beam splitting plane which is substantially in paral-
lel with an optical axis of a zero order beam of the
return beam emanating from said diffracting means and
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splits diffracted beams emanating from said diffracting
means in accordance with polarizing directions of said
diffracted beams.

In this optical head according to the invention, the
polarization beam splitting plane is arranged to be sub-
stantially in parallel with the optical axis of the zero

order beam emanating from the diffracting element, and
thus an incident angle of an incident beam upon the

polarization beam splitting plane can be made large.
Therefore, the polarization beam splitting plane can be
manufactured easily and the positional adjustment of
the light receiving elements with respect to the polar-
ization beam splitting element can be simplified. More-
over, the diffracting element and the polarization beam
splitting element may be formed into a single unit, so
that the optical head can be made compact in construc-
tion and cheap in cost.

The present invention also relates to a light emitting
and receiving device for use in the optical head.

FIG. 12 1s a perspective view showing a known light
emitting and receiving device, which is described in
Japanese article “Extended Abstracts (40th Spring
Meeting, 1993) 29p-c-12; The Japan Society of Applied
Physics and Related Societies No. 3)” held on March 39
to Apr. 1, 1993 at Tokyo, Japan. In this known device,
in a surface of a silicon semiconductor substrate 41,
there are formed photodetectors 42 and 43 and a recess
44 having a side wall 45 which is inclined by 45 degrees
with respect to the surface of the substrate, and on a
bottom of the recess is arranged a semiconductor laser
46. It should be noted that inclined side wall 45 serves as
a micromirror for reflecting a laser beam emitted from
the semiconductor laser 46 in a direction parallel with
the surface of the silicon substrate 41 and the reflected
laser beam propagates in a direction perpendicular to
the surface of the substrate. In this manner, the light
emitting and receiving device is realized which com-
prises a surface emitting type laser element and a photo-
electric element.

In Japanese Patent Application Laid-open Publica-
tion Kokai Hei 3-1872835, there is disclosed a multibeam
semiconductor laser device in which a plurality of laser
diodes are integrated as a monolithic device. In Japa-
nese Patent Application Laid-open Publication Kokai
Hei1 3-112184, there is shown a semiconductor laser
device in which three semiconductor lasers are inte-
grated on a sub-mount such that light emitting points
are deviated from each other.

In the known light emitting and receiving device
llustrated in FIG. 12, only one semiconductor laser is
provided, so that this device could not be utilized in
such a case that a plurality of semiconductor lasers have
to be arranged close to each other. In another known
laser device disclosed in the Japanese Patent Applica-
tion Laid-open Publication Kokai Hei 3-187285, there is
a limitation that the light emitting points have to be
aligned along a line perpendicular to an optical axis.
Further, in another known semiconductor laser device
described in the Japanese Patent Appllcatlon Iaid-open
Publication Kokai Hei 3-112184, it is possible to arrange
the light emitting points in a three-dimensional manner,
but two semiconductor lasers have to be positioned
with respect to the middle semiconductor laser, so that
if these semiconductor lasers have to be arranged such
that they are separated from each other by compara-
tively large distances, a precision of the positioning
might be decreased. Moreover, the three semiconduc-
tor lasers on the sub-mount are positioned with respect
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to optical axes by utilizing a difference in a thickness of
base substrates, and thus the precession of the posnlom
ing in a direction perpendwular to the optical axis is
affected by the precision of manufacturing the base
substrates.

Therefore, the present invention has for its object to
provide a novel and useful light emitting and receiving
device, in which light emitting points of a plurality of
semiconductor lasers can be arranged in a three-dimen-
sional manner, while the precision of positioning of the
semiconductor lasers and the precision of positioning
the semiconductor lasers and light receiving element
can be improved.

According to the invention, a light emitting and re-
celving device comprises:

a semiconductor substrate having a surface;

a plurality of recesses formed in said surface of the
semiconductor substrate;

at least one photodetector formed in said surface of

10

15

the semiconductor substrate at a position outside said 20

recesses; and

a plurality of semiconductor lasers arranged on bot-
toms of said recesses for emitting laser beams. |

According to one aspect of the invention, a depth of
~at least one recess differs from that of the remaining
recesses or a distance between at least one inclined side
wall of a recess and an end surface of a semiconductor
laser arranged in the relevant recess differs from a dis-
tance between at least one inclined side wall of other
recess and an end surface of a semiconductor laser ar-
ranged m the relevant recess. Then, it is possible to
obtain a surface emitting type laser and in which a plu-

25

30

rality of light emitting points can be precisely arranged

In a three-dimensional manner and can be precisely
positioned with respect to the light receiving element.

According to another aspect of the invention, a light
emitting and receiving device comprises: |

a semiconductor substrate having at least one recess
formed in one surface thereof:

at least one photodetectors formed in said surface at a
position outside said recess; and

a plurality of semiconductor lasers arranged on bot-
toms of said recess for emitting laser beams.

In this light emitting and receiving device according
to the invention, a semiconductor laser is arranged such
that its end surface is not in the same plane as that of
other semiconductor laser, so that a surface emitting
type laser can be realized in which a plurality of light
emitting points can be precisely arranged in a three-di-
mensional manner and can be precisely positioned with
respect to the light receiving element.

- BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing a known optical
head;
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FIG 2 1s a schematic view illustrating anether known

optical head;

FIG. 3 is ‘a plan view depicting a photodetecung
means shown in FIG. 2; |

FIG. 4 is a schematic view representmg an optical
head disclosed in a prior appllcatlon |

FIG. 5 is a schematic view showing a llght emlttmg
- and receiving device of FIG. 4;

FIG. 6 is a plan view of the light emlttmg and receiv-
ing device of FIG. 5;

FIG. 7 is a cross sectlon of the device shown in FIG.
6;
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F1G. 8 is a schematic view illustrating another known
optical head;

F1G. 9is a plan view of a light emitting and recetving
device shown in FIG. 8:

FI1G. 10 is a schematic view depicting an optical head
disclosed in another prior application; |

FIG. 11 1s a plan view showing a light emitting and
recetving device shown in FIG. 10:

FIG.121sa pers;)ectlve view deplctmg a known hght
emitting and receiving device:
FIG. 13 is a schematic view showing a first embodi-
ment of the optical head according to the invention;
FIG. 14 is a plan view illustrating the optical block of
FIG. 13;

FIG. 13 is a side view depicting the optical block;

FIG. 16 i1s a plan view representing the light receiv-
ing means of FIG. 13;

FIGS. 17 and 18 are cross sectional views cut along
lines B—B and C—C, respectively in FIG. 16:

FIGS. 19 and 20 are diagrams explaining the Kerr

rotation;

FIG. 21 is a schematic view showing a second em-
bodiment of the optical head according to the inven-
tion;

FIG. 22 is a a cross sectional view depicting the opti-
cal block of a third embodiment of the optical head
according to the invention;

FIG. 23 1s a plan view illustrating the light receiving
means of FIG. 22:

FIG. 24 is a schematic view depicting a fourth em-
bodiment of the optlcal head according to the inven-
tion;

FIG. 25 is a perspective view showing the optical
block shown in FIG. 24:

- FIG. 26 1s a plan view of the optical block;

F1G. 27 is a plan view representing the light receiv-
ing means;

FIG. 28 is a cross sectional view for explaining the
operation of the optical block shown in FIG. 26;

- FIGS. 29 and 30 are across sectional views cut along
lines C—C and B—B, respectively in FIG. 26:

FIG. 31 is a schematic view showing a fifth embodi-
ment of the optical head according to the invention:

FIG. 32 is a plan view of the optical block of FIG. 31:

FIG. 33 is a plan view illustrating the light receiving
means of FIG. 31;

- FIG. 34 is a plan view depicting an optical block of a
sixth embodiment of the optical head according to the
invention;

- FIG. 35 is a plan view of a light receiving means of
the sixth embodiment;

F1G. 36 is a schematic cross sectional view illustrat-
ing a seventh embodiment of the optical head according
to the invention;

FIG. 37 is a plan view showing a light receiving
means shown in FIG. 36;

FIG. 38 is a schematic cross sectional view showing
a eighth embodiment of the optical head according to
the invention; |

F1G. 39 is a plan view depicting a light receiving
means shown 1 FIG. 38;

FIG. 40 is a schematlc cross sectional view illustrat-

ing a ninth embodiment of the optical head according to

the invention;

F1G. 41 1s a plan view of a light receiving means in
FIG. 40;
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FIG. 42 1s a schematic cross sectional view represent-
ing a tenth embodiment of the optical head according to
the invention;

FIG. 43 i1s a plan view showing an embodiment of the
light emitting and receiving device according to the
invention; -

FIG. 4 is a plan view illustrating another embodi-
ment of the light emitting and recetving device accord-
ing to the invention;

FIG. 45 is a plan view showing another embodiment
of the light emitting and receiving device according to
the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now the present invention will be explained in detail
with reference various embodiments shown in the
“drawings.

FIG. 13 is a schematic view showing a first embodi-
ment of the optical head according to the invention.
The optical pick-up head of the present embodiment
uses a stngle main beam and two sub-beams and com-
prises a unit 51 including semiconductor laser, photode-
tectors, holograms and polarization beam splitting
plane. Three laser beams emanating from the unit 51 are
projected onto a magneto-optical record medium 55 by
means of collimator lens 52, beam dividing or separating
mirror 53 formed by a plane non-parallel plate and
objective lens 54. The three laser beams reflected by the
record medium S5 are then made incident upon the unit
51 by means of the objective lens 54, beam separating
mirror 33 and collimator lens 52. In the present embodi-
ment, a direction parallel with an information track on
the magneto-optical record medium 55 is denoted by vy
and a tracking direction perpendicular to the track di-
rection y is represented by x.

FIG. 14 1s a plan view showing the unit 51 and FIG.
15 1s a side view of the unit viewed in a direction A in
FI1G. 14. The unit 51 comprises semiconductor substrate
56, spacer 58 and beam splitting element 59.

The beam splitting element 59 comprises a plane
parallel optical block 60 and plane parallel plates 61a
and 615 provided on opposite sides of the block 60. In a
surface of the block 60 facing the semiconductor laser
51, there are formed gratings 60z for diving the laser
beam emitted by the semiconductor laser 51 into a sin-
gle main beam (zero order beam) and two sub-beam
(= 1-order beams). The gratings 60a may be formed by
etching or 2P method. In opposite surface of the block
60, there are formed first hologram 60b for diffracting
the three beams reflected by the magneto-optical record
medium 55 and having a detracting function for giving
& l-order beams opposite focal powers and a second
hologram 60c having no lens function. These holograms
606 and 60c may be also formed by etching or 2P
method. It should be noted that a diffracting direction
of the first hologram 60b is in the direction x and a
diffracting direction of the second hologram 60c¢ is in-
clined by 45 degrees with respect to the directions x and
y. At contact surfaces between the optical block 60 and
the plane parallel plates 61a and 615, there are formed
polarization beam splitting planes 62¢ and 62b by coat-
ing multiple dielectric films. The beam splitting element
59 1s arranged such that the polarization beam splitting
planes 62a and 626 are inclined by 45 degrees with
respect to the directions x and y on an xy plane.

In a surface of the semiconductor substrate 57, there
1s formed a recess by etching as shown in FIG. 17 and
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a semiconductor laser 63 is arranged on a bottom of the

recess. A laser beam emitted by the semiconductor laser
63 in a direction parallel with the surface of the semi-
conductor substrate 57 is reflected upward by means of
a murror 64 (see FIG. 16) formed on an inclined side
wall of the recess. Then the laser beam propagates in a
direction substantially perpendicular to the surface of
the semiconductor substrate 57. In the surface of the
semiconductor substrate 57 there are further formed
photodetectors 65 and 66 which receive the +1-order
beams emanating from the hologram 605 and photode-
tectors 67a, 67b and 68a, 6856 which receive the +1-
order beams of the main beam which have been dif-
fracted by the hologram 60c¢ and then have been divided
by the polarization beam splitting planes 62a and 625,
respectively in accordance with the polarizing direc-
tions thereof.

‘The photodetector 65 comprises three light receiving
elements 65a, 656 and 65¢ corresponding to the + 1-
oder beams of the main beam and two sub-beams, and
the middle light receiving element 655 has three light
receiving regions 65d, 65¢ and 65f which are divided
along lines extending in the diffracting direction of the
hologram 605. Similarly, the photodetector 66 com-
prises three light receiving elements 66a, 665 and 66¢ for
receiving the — 1-oder beams of the main beam and two
sub-beams, and the middle light receiving element 665
has three light receiving regions 664, 66e and 66f di-
vided along lines extending in the diffracting direction
of the hologram 605. |

The optical path dividing mirror 53 comprises a first
surface 53¢ having muitiple dielectric films coated
thereon and a second surface 535 serving as a reflection
mirror. The three laser beams emitted from the semi-
conductor laser 53 and divided by the gratings 60a are
reflected by the first surface 53¢ and then are made
incident upon the magneto-optical record medium 55
by means of the objective lens 54. Each of the three
return laser beams reflected by the magneto-optical
record medium 53 is divided into a first return beam
which is reflected by the first surface 53z and a second
return beam which is transmitted through the first sur-
face S3a, reflected by the second surface 536 and trans-
mitted through the first surface 532 again. In the present
embodiment, the first surface 53z is formed such that its
transmittances Tp, Ts and reflectances Rp and Rs for
the P-polarized component and S-polarized component
are as follows: | - - |

Tp=100%, Rp=0%, Ts=30% and Rs=70%.

In the optical head of the present embodiment, the
laser beam emitted by the semiconductor laser 63
mounted on the semiconductor substrate 57 is first re-
flected by the mirror 64 in the direction substantially
perpendicular to the surface of the semiconductor sub-
strate and is made incident upon the gratings 60z of the
optical block 60. Then the single laser beam is divided
into the three laser beams, i.e. the main beam (zero
order beam) for writing or reading information on or
from the magneto-optical record medium 55 and the
two sub-beams (=*1-order beams) for detecting the
tracking error. These three laser beams are then trans-
mitted through the hologram 605 and are made incident
upon the mirror 53 by means of the collimator lens 52.
Then the three beams are reflected by the first surface
S3a of the mirror 53 and are then projected on the mag-

neto-optical record medium 55 by means of the objec-

tive lens 54. It should be noted that the incident laser
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beams upon the beam dividing mirror 53 are S-pola-
rized.

The return laser beams reflected by the magneto-opti-
cal record medium 55 are made incident upon the beam
~ dividing mirror 53 by means of the objective lens 54.
Each of the three return beams is divided into the first
return beam reflected by the first surface 53a and the
second return beam transmitted through the first sur-
face S3a, reflected by the second surface 535 and trans-
mitted through the first surface 534. In this manner,

3

10

there are obtained three first return beams and three

second return beams.
The three first return beams divided by the beam

dividing mirror 53 are made incident upon the holo-

gram 606 by means of the collimator lens 52 and are
diffracted thereby as shown in FIG. 17 which is a cross
sectional view cut along a line B—B in FIG. 14. That is
to say, the =1-order beams of the main beam are made

incident upon the light recelvmg reglons 63d, 65¢, 65f

and 66d, 66¢, 66/ of the light receiving elements 655 and
660, respectively, the + 1-order beams of the two sub-
beams are made incident upon the light receiving ele-
ments 65a and 65¢, and and the — 1-order beams of the

two sub-beams are made incident upon the light receiv-
ing elements 66a and 66¢.

The hologram 605 serves to give the + 1-order beams
the mutually opposite focal powers, and thus when the
laser beam are just focused on the magneto-optical re-
cord medium 53, a size of a beam spot on the light
receiving element 65b becomes identical with that of a
beam spot on the light receiving element 665. However,
when a focusing condition deviates from the in-focused
condition, the sizes of these beam spots on the light
receiving elements 656 and 665 change in opposite di-
rections. Therefore, a focusing error signal FES may be
derived in accordance with the beam size method in the
following manner.

" FES=(A1+ A5+ A6)— (42+ A3 +A44)

wherein Al, A2 and A3 denote outputs of the light
recerving regions 654, 65¢ and 65f and A4, A5 and A6
represent outputs of the light receiving regions 66d, 66¢
and 66f.

A tracking error signal TES may be derived by the
three beam method in the following manner.

TES=(A7+ A9)— (48 + A410)

wherein A7, A8, A9 and A10 denote outputs of the light
receiving elements 65a, 65¢, 66a and 66¢, respectively.

The second return beam of the main bean divided by
the beam dividing mirror 53 is made incident upon the
hologram 60c by means of the collimator lens 52. As
shown in FIG. 18 which is a cross sectional view cut
along a line C—C in FIG. 14, the second return beam of
the main beam is divided into == 1-order beams and these
*1-order beams are made incident upon the polariza-
‘tion beam splitting planes 62¢ and 625, respectively.
S-polarized components are reflected by these planes
and are made incident upon the light receiving elements
67a and 68a, and P-polarized components are transmit-
ted through the planes and are made incident upon the
light receiving elements 675 and 68b.

- The polarizing direction of the second return beam of

the main beam impinging upon the hologram 60c is

subjected to the Kerr rotation of #60k as illustrated in

FIG. 19 1n accordance with the information recorded
on the magneto-optical record medium 55. As explained
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above, the polarization beam splitting planes 622 and
620 are inclined with respect to the polarizing direction
of the return beam substantially by 45 degrees, and
therefore the return beams are made incident upon the
polarization beam splitting planes 622 and 625 in a po-
larizing condition shown in FIG. 20. In this manner, the
direction of the Kerr rotation =6k in accordance with
the information on the magneto-optical record medium
35 may be reproduced by a difference (S1-P1, S2-Ps)
between the S-components and the P-components sepa-
rated by the polarization beam splitting planes 62a and
625. Therefore, an information signal MOS may be
derived 1n the following manner.

MOS=(B1+ B2)—(B3+ B4)

wherein B1, B2, B3 and B4 represent outputs of the
hight receiving elements 68a, 67a, 67b and 68b, respec-
tively.

Now the function of the light path dividing mirror 53
will be explained further in detail.

In the present embodiment, the S-polarized laser
beam 1s made incident upon the first surface 53a of the
optical path dividing mirror 53, and therefore 70% of
the incident laser beam emitted by the semiconductor
laser 63 is reflected by the first surface 53z and is made
incident upon the magneto-optical record medium 55
by means of the objective lens 54. The return laser beam
reflected by the record medium 55 is subjected to the
Kerr rotation and is made incident upon the mirror 53.
Since the Kerr rotation angle is very small, it may be
assumed that the return beam is of the S-polarized beam
and 1s divided into the first and second return beams.

When the return laser beam impinging upon the mir-
ror 33, substantially 70% of the S-polarized component
is reflected by the first surface 53z to form the first
return beam and the P-polarized component is substan-
tially transmitted through the first surface. The first
return beam is then made incident upon the hologram
605 by means of the collimator lens 52 and the focusing
error signal and tracking error signal may be detected in
the manner explained above. The P-polarized compo-
nent transmitted through the first surface 53a is re-
flected by the second surface 5356 and is transmitted
again the first surface 532 to form the second return
beam. This second return beam contains substantially
9% S-polarized component and substantially 100%
P-polarized component. The second return beam is then
made incident upon the hologram 68¢ by means of the
collimator lens 52 and the information signal may be
dertved in the above explained manner.

It should be noted that the return beam reflected by
the magneto-optical record medium 55 is subjected to
the Kerr rotation of +6 and is made incident upon the
hologram 690c as the S-polarized beam, so that the mag-

neto-optical signal component is contained in the P-

polarized component. In the present embodiment, the
second return beam for detecting the information signal
contains 100% P-polarized component, so that it is
possible to attain the information signal having very
high C/N.

FIG. 21 shows a second embodiment of the optical
head according to the invention. In the present embodi-
ment, portions similar to those of the first embodiment
are denoted by the same reference numerals used in

- FIG. 13. This embodiment differs from the first embodi-
‘ment in the polarizing direction of the laser beam emit-
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ted by the semiconductor laser 63 and the construction
of the first surface 53a of the optical path dividing mir-
ror 33, but the remaining construction is identical with
the first embodiment. That is to say, in the present em-
bodiment, the P-polarized laser beam is made incident
upon the optical path dividing mirror 53, and the first
surface 53z is formed such that Tp=280%, Rp=20%,
Ts=0% and Rs=100%.

When the P-polanzed laser beam emitted by the semi-
conductor laser 63 is made incident upon the optical
path dividing mirror 53, it is transmitted through the
first surface S3a, refiected by the second surface 5356 and
1s transmitted again through the first surface 53a. After
that, the laser beam is made incident upon the magneto-
optical record medium 55 by means of the objective lens
54. The return laser beam reflected by the magneto-op-
tical record medium 55 is made incident upon the opti-
cal path dividing mirror 53 and is divided into the first
and second return beams thereby. The first return beam
is transmitted through the first surface 53a, refiected by
the second surface 53b and is transmitted again through
the first surface 534, and the second return beam is
reflected by the first surface 53a. The first and second
return beams are made incident upon the holograms 605
and 60c¢, respectively like as the first embodiment to
derive the focusing error signal, tracking error signal
and information signal.

In the present embodiment, the return beam reflected
by the magneto-optical record medium 55 and imping-
ing upon the optical path dividing mirror 53 contains
the information signal in the S-polarized component.
An efficiency of the optical path dividing mirror 53 for
the return beam, i.e. a percentage of a beam emanating
from the mirror with respect to an incident beam is 64%
for the P-polarized component of the first return beam,
and 1s 20% and 100% for the P-polarized component
and S-polarized component of the second return beam.
Therefore, the second return beam from which the
information signal is derived contains 100% S-polarized
component including the information signal. Also in the
present embodiment, it is possible to obtain the informa-
tion signal having high C/N. In the present embodi-
ment, the second return beam contains 20% P-polarized
component perpendicular to the magneto-optical infor-
mation component as compared with 9% in the first
embodiment, and thus an amplitude of the information
signal can be made larger.

FIGS. 22 and 23 illustrate major portions of a third
embodiment of the optical head according to the inven-
tion. In the present embodiment, the tracking error
signal is derived by the push-pull method. To this end,
on the surface of the optical block 60 facing the semi-
conductor laser 63 there is formed a hologram 60d in-
stead of the gratings 60a. As shown in FIG. 23, in the
surface of the semiconductor substrate 57, there is
formed a photodetector 69 having light receiving re-
gions 69z and 695 which receive +1-order beam or
—1-order beam of the return beam diffracted by the
hologram 60d. In the present embodiment, since the
sub-beams are not used, it is no more necessary to form
the light receiving elements 65q, 65¢, 662 and 66c¢.

In the present embodiment, the single laser beam is
made incident upon the magneto-optical record me-
dium S5 and the return laser beam reflected by the
magneto-optical record medium 55 is diffracted by the
hologram 60d after being transmitted through the holo-
gram 60b and the + I-order beam or — 1-order beam is
made incident upon the photodetector 69. Then, the
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tracking error signal TES may be derived in the follow-

ing manner by the push-pull method.

TES=Cl1-C2

wherein C1 and C2 denote outputs of the light receiving
regions 692 and 69b of the photodetector 69. It should
be noted that the focusing error signal and information
signal may be obtained in the same manner as that of the
first and second embodiments.

In the embodiments so far explained, the *+1-order
return beams emanating from the hologram 60c¢ are
respectively separated by the polarization beam split-

~ ting planes 62z and 62b. However, according to the
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invention, it is also possible to separate only one of the
*1-order return beams emanating from the hologram
60c 1n accordance with the polarizing direction. In this
case, it is sufficient to provide only one polarization
beam splitting plane.

As explained above, according to the invention the
semiconductor substrate having the semiconductor
laser and photodetecting means and the light splitting
means including the hologram and polarization beam
splitting plane are integrally formed as a single unit, and
therefore the optical head can be small and compact and
can have a high reliability. Furthermore, the efficiency
of utilizing the return beam from the magneto-optical
record medium can be increased, and thus the decrease
in C/N can be effectively suppressed and the informa-
tion signal can be stably read out of the magneto -optical
record medium.

FIGS. 24 to 30 show a fourth embodiment of the
optical head according to the invention. The optical
pick-up head of the present embodiment comprises a
unit 71 including semiconductor laser, photodetectors,
holograms and polarization beam splitting plane. A
linearly polarized laser beam emanating from the unit 71
1s projected onto a magneto-optical record medium 73
by means of an objective lens 72. The laser beam re-
flected by the record medium 73 is then made incident
upon the unit 71 by means of the objective lens 72. In
the present embodiment, a direction parallel with an
information track on the magneto-optical record me-
dium 73 1s denoted by y and a tracking direction perpen-
dicular to the track direction y is represented by x. A
direction of the polarization of the linearly polarized
laser beam emanating from the unit 71 is in parallel with
the direction x.

FIG. 25 is a perspectwe vView showmg the unit 71.
The unit 71 comprises base plate 74, semiconductor
substrate 75, spacer 76 and optical block 77. The optical
block 77 comprises two triangular blocks 77a and 77b
which are cemented by a polarization beam splitting
plane 77¢ formed by multiple films of dielectric materi-
als. In a surface of the block 77 facing the objective lens
72, there are formed holograms 78a and 785 by etching
or 2P method. These holograms 78z and 785 diffract the
return laser beam reflected by the magneto-optical re-
cord medium 73 such that the pupil is divided thereby
on the polarization beam splitting plane 77¢ as illus-
trated in FIG. 26 which is a plan view viewed from a
direction shown by an arrow A in FIG. 25. The holo-
grams 78a and 78b further function give =1-order
beams opposite focal powers. It should be noted that the
polarizing beam splitting plane 77c is arranged such that
it 1s substantially parallel with optical axes of zero order
beams emanating from the holograms 78z and 785 and is
inclined by substantially 45 degrees with respect to the
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polarizing direction x of the beam emanating form the
unit 71. The hologram 785 has a larger diffraction angle
than the hologram 78a.

In a surface of the semiconductor substrate 75, there
is formed a recess by etching as shown in FIG. 27 and
a semiconductor laser 81 is mounted on a bottom of the
recess. A laser beam emitted by the semiconductor laser
81 in a direction parallel with the surface of the semi-
conductor substrate 75 1s reflected upward by means of
a mirror 82 formed on an inclined side wall of the re-
cess. In this manner, the laser beam propagates in a
direction substantially perpendicular to the surface of
the semiconductor substrate 75. In the surface of the
semiconductor substrate 75 there are further formed
photodetectors 83, 84, 85 and 86 which receive the
-+ 1-order beams emanating from the holograms 78a and
785. The photodetectors 83 and 84 comprise light re-
cetving regions 83a, 83b, 83c, 83d, 83e¢ and 83fand 84g,
840, 84c, 844, 84¢ and 84f, respectively.

Now the operation of the optical head of the present
embodiment will be explained also with reference to
FIGS. 28 and 29 which show cross sectional views cut
along a line B—B in FIG. 26 and FIG. 30 which depicts
a cross sectional view cut along a line C—C in FIG. 26.

In this embodiment, the linearly polarized laser beam
emitted by the semiconductor laser 81 mounted on the
semiconductor substrate 75 is first reflected by the mir-
ror 82 in the direction substantially perpendicular to the
surface of the semiconductor substrate and is transmit-
ted through the holograms 78z and 785. Then the laser
beam is focused onto the magneto-optical record me-
dium 73 by means of the objective lens 72. The return
laser beam reflected by the magneto-optical record
medium 73 is made incident upon the holograms 78a

~ and 78b by means of the objective lens 72.

The return beam impinging upon the hologram 78« is
diffracted thereby and + 1-order beam is made incident
upon the light receiving regions 83d, 83¢ and 83f as
llustrated in FIGS. 27, 28 and 30. — 1-order beam ema-

nating from the hologram 78« is made incident upon the

polarization beam splitting plane 77¢. A return beam
transmitted through the plane 77¢ is made incident upon
the light receiving regions 84d, 84¢ and 84fand a return
beam reflected by the plane 77¢ is made incident upon
the photodetector 85. The return beam impinging upon
the hologram 78b is diffracted thereby and the —1-
order beam 1s made incident upon the light receiving
regions 84q, 84b and 84¢ and and the + 1-order beam is
made incident upon the polarization beam splitting
plane 77¢. A laser beam transmitted through the plane
T7c 1s made incident upon the light receiving regions
83a, 83) and 83c and a laser beam reflected by the plane
77c¢ 1s made incident upon the photodetector 86.

The hologram 78) has the diffraction angle larger
than the hologram 784, so that positions of spots of the
diffracted beams emanating from the holograms 784 and
78b on the photodetectors 83 and 84 such that the spot
position of the diffracted beam emanating from the
hologram 78b is separated from the semiconductor laser
81 by a distance which is longer than a distance by
which the spot position of the diffracted beam emanat-
ing from the hologram 78a is separated from the semi-
conductor laser 81. The holograms 78a and 785 are
formed such that they give the 4 1-order and — 1-order
diffracted beams opposite focal powers, and thus a size
of the beam spot on the light receiving regions 83a, 835,
83c, 834, 83¢ and 83f becomes identical with a size of the
beam spot on the light receiving regions 84a, 845, 84c,
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84d, 84¢ and 84/, but these sizes are changed in opposite
directions in accordance with deviations from the in-
focus condition. Therefore, the focusing error signal

FES may be derived by the beam size method in the
following manner.

FES=(A1+ A4+ A8+ 49+ A11+ A12) — (42 +A3-
+ A5+ A6+ A7+ A10) |

wherein A1, A2, A3, A4, A5, A6and A7, A8, A9, A10,
A1l, A12 denote outputs of the light receiving regions
83a, 835, 83c, 83d, 83e¢, 83f and 84a, 84b, 84c, 844, 84e,
84/, respectively. |

In FIG. 24, the track direction is perpendicular to the
plane of the drawing of FIG. 24, and therefore a distri-
bution of an amount of light in the direction x changes
in asymmetrical manner. Then, the tracking error signal
TES may be obtained by the push-pull method by de-
riving a difference between intensities of the diffracted

beams emanating from the holograms 78z and 785 in the
following manner.

TES=Pl1—P2

TES=(A44+ A5+ A46)— (474 A8+ A9)

wherein P1 and P2 denote outputs of the photodetec-
tors 85 and 86, respectively.

The laser beam emitted by the semiconductor laser 81
is linearly polarized in the direction parallel with the
direction x and the the polarization beam splitting plane
77c is inclined with respect to the polarizing direction of
the laser beam substantially by 45 degrees. Therefore,
the — 1-order diffracted beam emanating from the holo-
gram 78a 1s transmitted through the polarization beam
splitting plane 77c¢ and the 4 1-order diffracted beam
emanating from the hologram 78b is reflected by the
polarization beam splitting plane 77¢. In this manner,
the *1-order beams are separated from each other by

~means of the polarization beam splitting plane 77c.
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Therefore, an information signal MOS may be obtained
by deriving a difference between the intensities of these

two beams separated by the polarization beam splitting
plane 77¢ 1n the following manner.

MOS=(Al + A2+ A3+ A10+ 4114+ A412) —(P1-+P2)

The above mentioned fourth embodiment may be
modifted in various ways. For instance, the focusing

error signal FES may be derived in the following man-
ner.

FES=(A4+ A8+ A9)+ G(A1 + 411 + A412)— (45-
+ A6+ AT)+G(42 + A3+ A10)

wherein G represents a coefficient which is determined
such that under the in-focused condition, (A4--AS-
+A9) and (A5+ A6+ A7) become identical with (A1-
+Al11+A12) and (A2+A3+A10), respectively. In
such a modification, a difference in an amount of the
laser beam transmitted through the polarization beam
splitting plane 77c¢ and being made incident upon the
light receiving regions 83a, 83b, 83c, 84d, 84¢ and 84f
and the laser beam being made incident upon the light
recetving regions 83d, 83e, 83/, 844, 84) and 84¢ without
being transmitted through the polarization beam split-
ting plane 77¢ may be adjusted, and thus the focusing
error signal FES may be obtained much more stably.
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Further, in the above fourth embodiment, the optical
system 1s designed as the definit optical system, but it

may be designed as indefinite optical system by arrang-

ing a collimator lens between, for instance the unit 71
and the objective lens 72.

As explained above, in the present embodiment, the
semiconductor substrate having the semiconductor
laser and a plurality of photodetectors arranged thereon
is formed as an integral body together with the optical
block having the holograms and polarization beam split-
ting planes formed thereon, and therefore the optical
head can be small in size and compact, and the informa-
tion signal can be read out of the magneto-optical re-
cord medium in a reliable and stable manner.

FIGS. 31 to 33 show a fifth embodiment of the opti-
cal head according to the invention. The optical pick-up
head of the present embodiment comprises a semicon-
ductor substrate 101 such as a silicon substrate on whose
surface a semiconductor laser 102 is mounted and in
whose surface there are formed first, second, third and
fourth photodetectors 103, 104, 105 and 106. A laser
beam emitted by the semiconductor laser 102 in a direc-
tion parallel with the surface of the semiconductor sub-
strate 101 is reflected by a mirror 107 formed in the
surface of the semiconductor substrate 101 in a direction
substantially perpendicular to the surface of the semi-
conductor substrate. Then, the laser beam is made inci-
dent upon a magneto-optical record medium 110 by
means of beam splitting element 108 in the form of a
block and objective lens 109. In the present embodi-
ment, a direction parallel with an information track on
the magneto-optical record medium 110 is denoted by y
and a tracking direction perpendicular to the track di-
rection y is represented by x.

A return laser beam reflected by the magneto-optical
record medium 110 is received by the first to fourth
photodetectors 103 to 106 by means of the objective
lens 109 and beam splitting element 108.

The beam splitting element 108 comprises a hologram
element 1082 in the form of a plane parallel optical
block and plane parallel plates 1085 and 108¢ provided
on opposite sides of the hologram element 1082. In a
surface of the hologram element 108z facing the semi-
conductor laser 102, there are formed gratings 1084 for
diving the laser beam emitted by the semiconductor
laser 102 into a single main beam (zero order beam) and
two sub-beam (Z=1-order beams). The gratings 108d
may be formed by etching or 2P method. In an opposite
surface of the hologram element 1084, there is formed a
hologram 108e having a lens function for giving = 1-
order beams opposite focal powers. The hologram 108¢
may be also formed by etching or 2P method. A direc-
tion of gratings of the hologram 108e is set to be parallel
with the information track direction y. Contact surfaces
between the hologram element 108¢ and the plane par-
allel plates 1086 and 108c are set to be substantially
parallel with an optical axis of a zero order beam ema-
nating from the hologram 108e. At these contact sur-
faces, there are formed polarization beam splitting
planes 108/ and 108g by applying multlple dielectric
films. The beam splitting element 108 is arranged such
that a normal line of the polarization beam splitting
planes 108/ and 108g is inclined with respect to the
directions x and y on the xy plane by substantially 45
degrees.

The laser beam emitted by the se:mconductor laser
102 1s reflected upward by means of the mirror 107 on
an inclined side wall of a recess formed in the surface of
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the semiconductor substrate 101. Then the laser beam
propagates in a direction substantially perpendicular to
the surface of the semiconductor substrate 107. The
laser beam 1s divided into a single main beam (zero
order beam) and two sub-beams (+1-order beams) by
means of the gratings 108d. The three beams are trans-
mitted through the hologram 108e as the zero order
beam and are then made incident upon the magneto-op-
tical record medium 110 by means of the objective lens
109. Spots of the three beams on the record medium 110
are aligned along a line which is slightly inclined with
respect the information track on the record medium.
The laser beam emitted by the semiconductor laser 102
1s linearly polarized in the direction x and the return
beam reflected by the magneto-optical record medium
110 1s subjected to the Kerr rotation in accordance with
a direction of magnetization recorded in the magneto-
optical record medium 110, so that a polarizing direc-
tion of the return beam deviates from the direction x by
+Kerr rotation angle.

The return laser beams reflected by the magneto-opti-
cal record medium 110 are made incident upon the
hologram element 108z of the beam dividing element
108. Each of the three return beams is divided into
l-order diffracted beam and —l-order diffracted
beam by means of the hologram 108e. The - 1-order
beam of the main beam is made incident upon polariza-
tion beam splitting plane 108/ and P-component which
1s transmitted through the plane 108f'is received by the
first photodetector 103 and S-component reflected by
the polarization beam splitting plane 108fis received by
the fourth photodetector 106. Similarly the — 1-order
beam of the main beam is made incident upon the polar-
ization beam splitting plane 108¢ and P-component
transmitted through the plane 108¢ is made incident
upon the second photodetector 104 and S-component
reflected by the plane 108g is received by the third
photodetector 105.

The + 1-order beams of the two sub-beams are trans-
mitted through the polarization beam splitting plane
108/ and are received by the first photodetector 103 and
the — I-order beams of the two sub-beams are transmit-
ted through the polarization beam splitting plane 108g
and are made incident upon the second photodetector
204.

The first photodetector 103 comprises three light
receiving elements 103a, 1036 and 103¢ which receive
the 4 1-order beams of the three beams and the middle
light receiving element 1035 receiving the + l-order
diffracted beam of the main beam comprises three light
recerving regions 1034, 103¢ and 103/ which are divided
along lines extending in the diffracting direction of the
hologram 108e. Similarly the second photodetector 104
comprises three light receiving elements 104a, 1045 and
104¢ which receive the —1-order beams of the three
beams and the middle light receiving element 1045 re-
ceiving the — l-order diffracted beam of the main beam
comprises three light receiving regions 1044, 104¢ and
104/ which are divided along lines extending in the
diffracting direction of the hologram 108e. The fourth
and third photodetectors 106 and 105 are formed by
single light receiving elements, respectively and receive
the S-polarized components of the =+ 1-order beams of

- the main beam emanating from the polarization beam

635

splitting planes 108/ and 108g.
Now it is assumed that outputs of the light recelvmg
regions 103d, 103e and 103f of the light receiving ele-

- ment 1035 of the first photodetector 103 are denoted by
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I1d1, Iel and Ifl, respectively, outputs of the light re-
ceiving regions 1044, 104¢ and 104/ of the light receiv-
ing element 1045 of the second photodetector 104 by
Id2, Ie2 and If2, respectively, output of the light receiv-
ing elements 103z and 103c of the first photodetector 5
103 by Ial and Icl, respectively, output of the light
receiving elements 104a¢ and 104¢ of the second photo-
detector 104 by Ia2 and Ic2, respectively, an output of
the third photodetector 105 by IS, and an output of the
tourth photodetector 106 is represented by I6. Then, the
information signal read out of the magneto-optical re-
cord medium 110 may be derived in the following man-
ner.

10

S=dl +Iel + Il + Id2 + T2+ If2) —(I5+16) 15
The + 1-order diffracted beam emanating from the
hologram 108e is focused at a point before the first
photodetector 103 and the — l-order diffracted beam
emanating from the hologram 108e is focused at a point
after the second photodetector 104 due to the lens func-
tion of the hologram 108e. Therefore, when the laser
beams are just focused on the magneto-optical record
medium 110, a size of a beam spot of the + 1-order beam
on the first photodetector 103 becomes identical with
that of a beam spot of the — 1-order beam on the second
photodetector 104. However, when a focusing condi-
tion deviates from the in-focused condition, the sizes of
these beam spots on the first and second photodetectors
103 and 104 are changed in opposite directions. There- 30

fore, a focusing error signal FES may be derived in

accordance with the beam size method in the following
manner.

20
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FES=(Id\ +Ie2 + If2)~(Id2 + Iel + If1) 35

A tracking error signal TES may be derived by the
three beam method in the following manner.

TES=(lal —Icl)+(la2—Ic2) 40

FIGS. 34 and 35 illustrate a sixth embodiment of the
optical head according to the invention. In the present
embodiment, a direction of gratings of the hologram
108e 1s substantially parallel with the polarization beam 45
sphitting planes 108/ and 108g and the arrangement of
the first to fourth photodetectors 103 to 106 is changed
accordingly. The remaining construction of the present
embodiment is identical with that of the fifth embodi-
ment just explained above. Also in the present embodi-
- ment, the information signal, focusmg error signal and
tracking error signal can be derived in the same manner
as the fifth embodiment.

FIGS. 36 and 37 depict a seventh embodiment of the
optical head according to the invention. In the present
embodiment, between the hologram element 1082 and
the polarization beam splitting planes 108g and 108g,
there are provided half wavelength plates 111z and
1115, respectively. The half wavelength plates 111a and
1116 serve to rotate the polarizing directions of the 60
=+ 1-order beams diffracted by the hologram 108¢ by 45
degrees. In the present embodiment, the arrangement of

the first to fourth photodetectors 103 to 106 is changed
accordingly.

In the present embodiment, normal lines to the polar- 65
ization beam splitting planes 108g and 108g can be set to
be parallel with the tracking direction x, and the infor-
mation signal, tracking error signal and focusing error
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signal can be derived in the same manner as that of the
fifth embodiment.

In the fifth to seventh embodiments of the optical
head according to the invention, the tracking error is
detected by the three beam method, but according to
the invention the tracking error may be detected by the
push-pull method. |

FIGS. 38 and 39 show a eighth embodiment of the
optical head according to the invention, in which the
tracking error signal is derived by the push-pull
method. In the present embodiment, in the lower sur-

- face of the hologram element 1084 facing the semicon-

ductor laser 102 there is formed a hologram 1084 in-
stead of the gratings 1084 in the previous embodiments.
Then, the laser beam emitted by the semiconductor
laser 102 1s reflected by the mirror 107 and then the zero
order beam transmitted through the holograms 108%
and 108e i1s made incident upon the magneto-optical
record medium 110 by means of the objective lens 109.

The return beam reflected by the magneto-optical
record medium 110 is made incident upon the hologram
element 1084 by means of the objective lens 109 and is
separated thereby into a zero order beam and *+1-order
beams diffracted in the direction x. The =+1l-order
beams emanating from the hologram 108e are made
incident upon the polarization beam splitting planes
108/ and 108g by means of the half wavelength plates
111a and 1115, respectively. P-polarized component of
the -+ 1-order diffracted beam transmitted through the
polarization beam splitting plane 108fis received by the

 first photodetector 103 and S-polarized component of

the + 1-order beam reflected by the polarization beam
splitting plane 108/ is received by the fourth photode-
tector 106. P-polarized component of the — l-order
diffracted beam transmitted through the polarization
beam splitting plane 108g is received by the second
photodetector 104 and S-polarized component of the
— 1-order beam reflected by the polarization beam split-
ting plane 108g is received by the third photodetector
105. The zero order beam emanating from the hologram
108¢ 1s diffracted by the hologram 108% and <+ 1-order

or — l-order diffracted beam emanating from the holo-
gram 108/ 1s received by the fifth photodetector 112.

The first and second photodetectors 103 and 104
comprise the light receiving elements 1035 and 1045,
respectively which have three light receiving regions
103d, 103e, 103/ and 104d, 104¢, 104f, respectively
which are divided along lines extending in parallel with
the diffracting direction of the hologram 108e, while the
third and fourth photodetectors 105 and 106 comprise
single light receiving elements. The fifth photodetector
112 comprises two light receiving regions 112z and
1126 which are divided in a direction parallel with the
diffracting direction of the hologram 1084.

In the present embodiment, the information signal
and focusing error signal can be derived in the same
manner as that of the fifth to seventh embodiments, and
the tracking error signal TES can be derived by the
push-pull method in the following manner.

TES=P112a—P1132}

wherein P112q and P112) represent outputs of the light

receiving regions 112z and 1125 of the ﬁfth photodetec-
tor 112.

FIGS. 40 and 41 show a ninth embodiment of the
optical head according to the invention. In the eighth
embodiment, the hologram 108% is formed on the sur-
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face of the optical block of the hologram element 108a,
but in the present embodiment the hologram 1084 is
formed on the opposite surface of the optical block in a
superimposed manner with the hologram 108e. The
remaining construction of the present embodiment is
identical with the eighth embodiment.

Also in the present embodiment, the information
signal, focusing error signal and tracking error signal
can be obtained in the same manner as the eighth em-
bodiment. In the present embodiment, the hologram
1084 is formed on the surface of the hologram element
108a facing the objective lens 109, so that the beam
splitting element 108 can be intimately contacted with
the semiconductor substrate 101.

FIGS. 42 and 43 illustrate a tenth embodiment of the
optical head according to the invention. In the present
embodiment, between the semiconductor substrate 101
and the hologram element 108a, there are arranged
three plane parallel plates 108/, 108/ and 108% which are
aligned in the direction x. Between the plane parallel
plates 108/ and 108/ and between the plane parallel
plates 108; and 108k, there are provided polarization
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beam splitting planes 108/ and 108g, respectively by

applying multiple dielectric films. The remaining con-
struction of the present embodiment is same as the sev-

25

enth embodiment, and the information signal, focusing

error signal and tracking error signal can be derived in

the same manner as that of the seventh embodiment.
In the fifth to tenth embodiments of the optical head

according to the invention, the polarization beam split-

ting planes 108/ and 108¢ for separating the return beam

from the magneto-optical record medium 110 are set to
be substantially in parallel with the optical axis of the
zero order beam, and therefore an incident angle to the
polarization beam splitting planes 108/ and 108g can be
large. Therefore, the polarization beam splitting planes
108/ and 108g can be manufactured easily and the posi-
tional adjustment of the semiconductor substrate 101
having the photodetectors formed therein with respect
to the beam separating element 108 having the polariza-
tion beam splitting planes 108/, 108g can be made sim-
ple, and thus a cost of the optical head can be reduced.

Further, the hologram 108e for diffracting the return
beam from the magneto-optical record medium 110 and
the polarization beam splitting planes 108/, 108¢ can be
integrally formed as the beam separating element 108,
and thus the whole construction of the optical head can
be made compact, and further these hologram 108e and
polarization beam splitting planes 108/, 108g are formed
by the plane parallel plates, and therefore the optical
system can be manufactured in a mass scale, so that the
cost can be further decreased.

The present invention is not limited to the embodi-
ments explained above, but many alternations and modi-
fications may be conceived by those skilled in the art
within the scope of the present invention. In the tenth
embodiment illustrated in FIGS. 42 and 43, the gratings
1084 may be replaced by the hologram 108% like as the
eighth embodiment. Further, the hologram 108/ may be
formed on the upper surface of the hologram element
1082 in superimposition with the hologram 108e. Then,
the tracking error signal may be derived by the push-
pull method.

In the seventh to tenth embodunents in order to
separate the return beam from the magneto-optical re-
cord medium by the polarization beam splitting planes
108/, 108g, the half wavelength plates 111 and 1115 are
arranged in front of the polarization beam splitting
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planes. The half wavelength plates may be deleted by
arranging the beam separating element 108 such that the
normal lines with respect to the polarization beam split-
ting planes 108f, 108g is inclined with respect to the
direction x on the x-y plane substantially by 45 degrees
like as the fifth embodiment.

In the fifth to tenth embodiments the optical head is
formed as the definit optical system, but according to
the invention, the optical head may be designed as the
indefinite optical system by arranging the collimator
lens between the objective lens 109 and the beam sepa-
rating element 108.

In the fifth to tenth embodiments shown in FIGS. 31
to 43, the diffracting element for diffracting the return
beam reflected by the magneto-optical record medium
1s arranged between the semiconductor laser and the
converging means, the polarization beam splitting
planes are provided such that these planes are substan-
tially parallel with the optical axis of the zero order
beam emanating from the diffracting element, and the
diffracted beams emanating from the diffracting ele-
ment and separated by the polarization beam splitting
planes in accordance with the polarizing directions of
the beams are made incident upon the photodetectors,
and therefore the incident angle of the beams impinging
upon the polarization beam splitting planes can be large.
This results in that the the polarization beam splitting
planes can be formed easily and the positions of the
photodetectors and polarization beam splitting planes
can be adjusted simply. Moreover, the diffracting ele-
ment and the beam splitting element can be integrally
formed as a single unit, and thus the optical head can be
made small in size and compact in construction. Fur-
thermore, the optical head can be advantageously uti-

‘lized for reading out the information from the magneto-

optical record medium.

FIG. 44 1s a plan view showing an embodiment of the
light emitting and receiving device according to the
invention, which can be advantageously used in the
optical head according to the invention. The light emit-
ting and receiving device comprises a semiconductor
substrate 121 having a surface, in which there are
formed four photodetectors 1224 to 1224 and two reces-
ses 123 and 124. These recesses 123 and 124 are sepa-
rated from each other by a certain distance and semi-
conductor lasers 125 and 126 are mounted on bottoms
of these recesses, respectively.

The first and second recesses 123 and 124 may be
formed by utilizing the etching process well developed
in the semiconductor device manufactunng art. Side
walls defining the recesses 123 and 124, in FIG. 44
upper side walls 127 and 128 are inclined with respect to
the bottoms of the recesses substantially by 45 degrees
to form micromirrors.

Laser beams emitted by the semiconductor lasers 125
and 126 in a direction parallel with the plane of the
bottoms of the recesses 123 and 124 are reflected by the
micromirrors 127 and 128 in a direction substantially
perpendicular to the surface of the semiconductor sub-
strate 121. The laser beams are then made incident upon
an object such as the magneto-optical record medium

and return beams reflected by the object are made inci-

dent upon the light emitting and receiving device and
are recetved by the photodetectors 122q to 1224,

As stated above, the first and second recesses 123 and
124 are formed by the etching and thus the micromir-
rors 127 and 128 can be manufactured very precisely
and further the micromirrors 127, 128 can be positioned
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very precisely with respect to the photodetectors 122q
to 122d.

In the light emitting and receiving device according
to the invention, the semiconductor lasers 125 and 126
can be mutually positioned precisely by positioning the
semiconductor lasers with respect to the micromirrors
127 and 128, and further the semiconductor lasers 125
and 126 can be positioned also precisely with respect to
the photodetectors 1222, 1226 and 122¢, 1224, respec-
tively.

It should be noted that the positional relationship
between the first recess 123 and the second recess 124
and the distance between the micromirrors 127, 128 and
ends of the semiconductor lasers 125 and 126 are not
limited to those shown in FIG. 44, but may be modified
at will. By suitably determining these parameters, a
plurality of semiconductor lasers may be arranged sub-
stantially in a three-dimensional manner.

It should be further noted that instead of changing the
distances between the micromirrors 127, 128 and the
ends of the semiconductor lasers 125, 125, depths of the
first and second recesses 123 and 124 may be changed.
Also 1n this case, a plurality of semiconductor lasers
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may be arranged substantially in a three-dimensional

manner.

FIG. 45 is a plan view shown another embodiment of
the light emitting and receiving device according to the
invention. The light emitting and receiving device of
the present embodiment comprises a semiconductor
substrate 131, and a recess 133 is formed in one surface
of the semiconductor substrate. Further, in the surface

of the semiconductor substrate 131, there are formed

two photodetectors 1322 and 1325. On a bottom of the
recess 133, first and second semiconductor lasers 135
and 136 are mounted, these semiconductor lasers emit-
ting laser beams having different wavelength.

The recess 133 may be formed by the etching widely
used m the semiconductor device manufacturing pro-
cess. One side wall of the recess 133, i.e. a side wall 137
1s formed to be inclined by 45 degrees with respect to
the surface of the semiconductor substrate 131 to form
a micromirror 137. Distances between the micromirror
137 and ends 135z and 136¢ of the first and second
semiconductor lasers 135 and 136 differ from each
other, and thus the end face 135a of the first semicon-
ductor laser 135 and the end face 136a of the second

semiconductor laser 136 do not position on the same
plane.

Laser beams emitted by the first and second semicon-
ductor lasers 125 and 126 in directions parallel with the
surface of the semiconductor substrate 131 are reflected
by the micromirror 137 in a direction which is perpen-
dicular to the surface of the semiconductor substrate.
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The return beams reflected by any object are made

incident upon the photodetectors 122¢ and 1225.
When the diverging beams emanating from the light
emitting and receiving device are converted into paral-
lel beams by means of the collimator lens, the distances
between the end faces 1254 and 1264 of the semiconduc-
tor lasers 125 and 126 can be adjusted independently
from each other in accordance with chromatic aberra-
tion and curvature of field of the collimator lens such
that these laser beams are accurately converted into the
- parallel beams. | | |
Also 1n the present embodiment, a plurality of semi-
conductor lasers may be arranged substantially in a

three-dimensional manner by adjusting the distances

between the micromirror 137 and the end faces 1254
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and 126a of the semiconductor lasers 125 and 126 and
by a depth 1n a mounting direction of the semiconductor
lasers with the aid of spacers.

Further, the recess 133 is formed by the etching pro-

cess which has been well developed in the semiconduc-

tor device manufacturing field, so that the micromirror
137 can be precisely positioned with respect to the pho-
todetectors 132g and 1325. Therefore, the semiconduc-
tor lasers 135 and 136 can be automatically and pre-
cisely positioned with respect to the photodetectors
132a and 132b.

In the present embodiment, the two semiconductor
lasers are mounted on the recess 133, but more than two
semiconductor lasers may be arranged on the recess.

As explained above, in the light emitting and receiv-
ing device according to the invention, it is possible to
realize the substantially surface emitting laser including
a plurality of light emitting points, positions of these
light emitting points in a three-dimensional space can be
precisely adjusted, and positions of the light emitting
points and light receiving points can be mutually adjust
also precisely.

What is claimed is: |

1. An optical head comprising:

a semiconductor substrate having a surface;

a semiconductor laser arranged on said surface of the

semiconductor substrate for emitting a laser beam:;

a light receiving means including a plurality of photo-

detectors formed in said surface of the semiconduc-
tor substrate; |

a collimator lens for converting said laser beam emit-

ted by said semiconductor laser into a substantially
parallel laser beam;

an objective lens for converging said substantially

parallel laser beam onto a magneto-optical record

- medium; |

a beam dividing means arranged between said colli-

mator lens and said objective lens for dividing a
laser beam reflected by said magneto-optical re-
cord medium into first and second return beams:
and

a polarization beam splitting means arranged between

said semiconductor laser and said collimator lens

- such that an integral unit is formed together with

said semiconductor substrate, and including grat-
ings for diving the laser beam emitted by said semi-
conductor laser into a main beam which is used to
write or read information on or from said magneto-
optical record medium and sub-beams which are
used to derive a tracking error signal, a first holo-
gram pattern for diffracting said first return beam,
a second hologram pattern for diffracting said sec-
ond return beam, and a polarization beam splitting
‘plane arranged substantially in parallel with an
optical axis of a zero order beam emanating from
said second hologram pattern for splitting + 1-
order and/or — 1-order diffracted beam emanating
from said‘second hologram pattern in accordance
with a polarizing direction of the beam; whereby
1-order and — 1-order diffracted beams emanat-
ing from said first hologram pattern and beams
emanating from said polarization beam splitting
plane are separately received by said plurality of
photodetectors of said light receiving means.
2. An optical head comprising:
‘a semiconductor substrate having a surface;
a semiconductor laser arranged on said surface of the
- semiconductor substrate for emitting a laser beam:
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a light receiving means including a plurality of photo-
detectors formed in said surface of the semiconduc-
tor substrate;

a collimator lens for converting said laser beam emit-
ted by said semiconductor laser into a substantially
parallel laser beam; | |

an objective lens for converging said substantially
parallel laser beam emanating from said collimator
lens onto a magneto-optical record medium;

a beam dividing means arranged between said colli-
mator lens and said objective lens for dividing a
laser beam reflected by said magneto-optical re-
cord medium into first and second return beams;
and

a polarization beam splitting means arranged between
sald semiconductor laser and said collimator lens
such that an integral unit is formed together with
said semiconductor substrate, and including a first
hologram pattern for diffracting said first return
beam, a second hologram pattern for diffracting
said second return beam, a third hologram pattern
for diffracting a zero order beam emanating from
said first hologram pattern, and a polarization beam
splitting plane arranged substantially in parallel
with an optical axis of a zero order beam emanating
from said second hologram pattern for splitting
+ l-order and/or — l-order diffracted beams ema-
nating from said second hologram pattern in accor-
dance with a polarizing direction of the beam;
whereby + l-order and — 1-order diffracted beams
emanating from said first hologram pattern, beams
emanating from said polarization beam splitting
plane and +1-order and/or —l-order diffracted
beam emanating from said third hologram pattern
are separately received by said plurality of photo-
detectors of said light receiving means.

3. An optical head comprising;:

a semiconductor substrate having a surface;

a semiconductor laser arranged on said surface of the
semiconductor substrate for emitting a laser beam;

a light receiving means including a plurality of photo-
detectors formed in said surface of the semiconduc-

. tor substrate;

an objective lens converging the laser beam emitted
by said semiconductor laser onto a magneto-optical
record medium; and |

an optical block arranged to form an integral unit
together with said semiconductor substrate and
including a hologram for diffracting a return beam
reflected by said magneto-optical record medium
and a polarization beam splitting plane arranged in
substantially parallel with an optical axis of a zero
order beam emanating from said hologram for
splitting a pupil of said hologram; wherein return
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beams diffracted by said hologram and split by said

polarization beam splitting plane are separately

received by said plurality of photodetectors of said
light receiving means.

4. An optical head comprising:

a semiconductor laser for emitting a laser beam:;

a converging means for converging said laser beam
emitted by the semiconductor laser onto a magne-
to-optical record medium;

a light receiving means for receiving a return beam
reflected by said magneto-optical record medium
and converged by said converging means;

a diffracting means arranged between said semicon-
ductor laser and said converging means for dif-
fracting said return beam reflected by said magne-
to-optical record medium; and

a polarization beam splitting means having a polariza-
tion beam splitting plane which is substantially in
parallel with an optical axis of a zero order beam of
the return beam emanating from said diffracting
means and splits diffracted beams emanating from
said diffracting means in accordance with polariz-
ing directions of said diffracted beams.

5. A light emitting and receiving device comprising:

a semiconductor substrate having a surface:

a plurality of recesses formed in said surface of the
semiconductor substrate;

at least one photodetector formed in said surface of
the semiconductor substrate at a position outside
said recesses; and

a plurality of semiconductor lasers arranged on bot-
toms of said recesses for emitting laser beams.

6. A light emitting and receiving device according to

claim 5, wherein a depth of at least one recess differs
from that of the remaining recesses.

7. A hght emitting and receiving device according to

claim 5, wherein a distance between at least one inclined
side wall of a recess and an end surface of a semiconduc-
tor laser arranged in the relevant recess differs from a
distance between at least one inclined side wall of other
recess and an end surface of a semiconductor laser ar-

- ranged 1in the relevant recess.
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8. A light emitting and receiving device comprising:

a semiconductor substrate having at least one recess
formed in one surface thereof:

at least one photodetectors formed in said surface at a
position outside said recess; and

a plurality of semiconductor lasers arranged on bot-
toms of said recess for emitting laser beams.

9. A light emitting and receiving device according to

claim 8, wherein said semiconductor lasers are arranged
on the bottom of said recess such that end surfaces of
the semiconductor lasers are not in one and same plane.
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